INTRODUCTION
The dating of the famous sands and clays at St. Erth, Cornwall (Fig. l ) , has been a contentious issue since they were first described (Whitley, 1882) . In 1982,
Jenkins reported rare juvenile specimens of planktonic foraminifera from the clays and predicted that their age was within the Globorotalia inflata Zone, Late Pliocene; this was primarily based on the presence of G. inflata (d'orbigny) and dextrally coiled Neogloboquadrina pachyderma (Ehrenberg) . U p until that time all previous attempts to date the deposits used molluscs or benthic foraminifera (see Jenkins, 1982 , for a review).
After Jenkins' paper was published it was discovered that Millett in a series of short papers (1885) (1886) (1887) (1888) (1889) (1890) (1891) (1892) (1893) (1894) (1895) (1896) (1897) (1898) had himself recorded a number of planktonic foraminifera1 species from the St. Erth Beds, the material still being preserved in the Heron-Allen and Earland Collection in the British Museum (Natural History), London. A thorough search has yielded the following species, Millett's old names are given in parentheses: Globorotalia inflata (d'orbigny) (Globigerina inflata in Millett, 1895 Millett, , 1898 , Globigerina bulloides d 'Orbigny (in Millett, 1885 , 1886 , Pulleniatina primalis Banner & Blow (Pullenia obliquiloculata in Millett, 1898) , Globorotalia tosaensis Takayanagi & Saito (Pulvinulina crassa in Millett, 1898) , Globorotalia praehirsuta Blow (Pulvinulina canariensis in Millett, 1898) , together with specimens of reworked Cretaceous species (Globigerinu cretacea in Millett, 1886) .
In 1883, Millett returned from London to live in his native Cornwall, quite near to St. Erth itself, and from there he amassed a very large collection of material from several pits which at that time were being worked for moulding sand and puddling clay. It was at the time too, when the marine fossils, particularly molluscs, from the clays were causing much interest amongst palaeontologists. No doubt it is the size of the total material he must have examined which has resulted in the number of planktonic foraminifera (many of them adults) being found; they are normally very rare and usually small juveniles and it is not surprising that they have been almost totally neglected. With a resurgence of interest in the marine Neogene and Quaternary of the British Isles and in the light of a detailed taxonomic study of the Ostracoda of the St. Erth Beds being undertaken at present by Whatley & Maybury (University College of Wales, Aberystwyth), it would seem opportune to offer this more complete synthesis of the planktonic foraminifera based on all the material to hand (Collections of Millett, Heron-Allen and Earland, and Whatley). In this paper, 15 species are discussed and illustrated; it is not only the first time that planktonic foraminifera have been illustrated from the St. Erth Beds, but also the first time from the Neogene of mainland Britain, as far as we are aware.
All figured specimens are housed in the Protozoa Section, Department of Palaeontology, British Museum (Natural History), London, registered nos. P The systematic treatment is brief, confining itself to the original citation, redescriptions of type material and significant papers where the generic names used in the present text were first used or adequately explained. 51672 -P 51692. 
THE ST. ERTH PLANKTONIC FORAMINIFERA
Globigerina bradyi Wiesner (PI. 1, fig. 7) 1884 Globigerina sp. Brady: 603, pl. 82, figs. 8, 9. 1931 Globigerina bradyi Wiesner: 133. 1960 Globigerina bradyi Wiesner; Banner & Blow: 5 , pl. 3, figs. 1, 2 (lectotype). Remarks. There is some disagreement in the literature as to whether G. bradyi is in fact synonymous with G. uvula (Ehrneberg) (= Pylodexia uvula Ehrenberg, 1861) as the original figures of the latter are ambiguous. We follow Blow (1969) and BC (1977) in regarding G. bradyi as a distinct species. Stratigraphic range. Bolli (1957) Jenkins (1966 Jenkins ( , 1967 . Blow (1969) recorded the species from Early Miocene (Zone N4) to Recent and both Brady (1884) and Wiesner (1931) Jenkins (1966 Jenkins ( , 1967 in New Zealand from the mid-Oligocene Globigerina angiporoides Zone into the Pleistocene Globorotalia inflata Zone. Blow (1969) recorded it from the base of Zone N4 (early Miocene) to Recent. 
19-21.
Remarks. For comments on the wide range of variation in the development of the umbilical bulla and the different names the resultant forms have been given, see Kennett & Srinivasan (1983) . Stratigraphic range. In New Zealand it appeared later in the Oligocene than Globigerina juvenilis (see above) and ranges through to the Pleistocene (Jenkins, 1971 Jenkins (1966 Jenkins ( , 1967 gives its range from the Early Miocene Globigerinoides trilobus (sic) Zone to the Pleistocene Globorotalia inflata Zone. Parker (1962) found it in the Recent of the Pacific and Blow (1969) gives its total range of Early Miocene to Recent. Palaeogeographic range. Be (1977) states that in the modern oceans it occurs from the Subartic and Subantarctic to Subtropical provinces with greatest numbers in the Transitional faunal provinces. (1985, in press ) have now shown that this species first appears in the N. Atlantic at 2.1 Ma. In the New Zealand region (Jenkins, 1971) and South Atlantic (Jenkins, 1978) , it has been recorded from the Late Pliocene to Recent. Palaeogeographic range. B6 (1977) states that in the modern oceans it occurs from the Subartic and Subantarctic to Subtropical provinces, with the greatest numbers in the Transitional faunal provinces. (1974) record it with some frequency in the Early Pliocene but soon afterwards it disappears, while at sites 410 and 410A (see Fig. 1 ) it ranges only from Late Miocene to Late Pliocene (within the G. inflata Zone) (Poore, 1978) . Palaeogeographic range. G. praehirsuta was not recorded by Poore & Berggren (1975) from site 116 at lat. 57" 30" (see Fig. 1 ) or by Poore (1978) (1972, pl. 31, figs. 4, 5) . Stratigraphic range. Bolli (1957) , Blow (1969) and Jenkins (1971) 
have had a more wide-spread range in the Late Miocene and Pliocene, and only became restricted mainly to the mid-high latitudes in the Pleistocene. According to Kennett & Srinivasan (1983) 
Remarks. The illustrated specimen from the Millett
Collection is a mature individual with a diameter of 0.39mm; it shows all the main characteristics of the species (see Banner & Blow, 1967, p. 137) . Stratigraphic range. The range of P. primalis, particularly the extinction, is somewhat controversial. Parker (1967) gave the range in Indo-Pacific cores as Late Miocene to Late Pliocene, while Blow (1969) recorded it from mid Zone N17 (Late Miocene) to within Zone N20 (Early Pliocene). Kennett & Srinivasan (1983) give an almost identical range to Blow's. Keigwin (1982) stated that in the Atlantic, P. primalis first appeared at only 4.2 Ma (Zone N19) as compared with c. 5.5 Ma (Zone N17) in the Pacific, also that it disappeared at 3.3 Ma (Zone N19/20) in the former area only to reappear again at 2.1 Ma (Zone N21) in the Late Pliocene. Parker (1973) recorded P. primalis from the Late Pliocene of the tropical North Atlantic at D.S.D.P. site 29 (lat. 14"N). Contrary to Saito et a1.S (1981) claims for records into the Pleistocene, we consider it to have become extinct within the Late Pliocene, and that supposed younger specimens are probably immature P. obliquiloculata (Parker & Jones). Palaeogeographic range. There is no record of P. primalis at any of the North Atlantic D.S.D.P. sites (Table 1) but at site 410 its descendant species P. obliquiloculata is present in the Pleistocene. Kennet & Srinivasan (1983) regard P. primalis as a tropical to warm subtropical species and there is some oxygen isotope evidence that it lived in the surface waters (Keller, 1985) ; this would help to explain its presence in the shallow water St. Erth beds.
Turborotalita quinqueloba (Natland) (Pl. 1, fig. 14) 1938 Globigerina quinqueloba Natland: 149, pl. 6, fig.  7 . 1984 Turborotalita quinqueloba (Natland); Holmes: 101 et seq., pl. 3, figs. 9-11.
Remarks. This species is placed in Turborotalita following the revision of that genus by Holmes (1984) , the apertural position and presence of ampulla being the significant criteria. Stratigraphic range. Both Jenkins (1966 and Kennett & Srinivasan (1983) give its first appearance as Early Miocene; however, Blow (1969) places this as late as Zone N17 (late Miocene). The species is living today. Palaeogeographic range. Poore (1978) recorded T. quinqueloba from the Middle Miocene to Pleistocene at D.S.D.P. sites 407, 408 and 410 in the North Atlantic (between 45" and 63"N).
AGE AND CORRELATION
The age-diagnostic species in the St. Erth fauna are Globorotalia inflata, G. tosaensis, G. praehirsuta, Pulleniatina primalis, Neogloboquadrina humerosa and dextral N . pachyderma, their ranges overlapping near the top of the Late Pliocene (Fig. 2) .
The evolution of G. inflata from G. puncticulata (Deshayes) is well documented in the southeast Pacific (Malmgren & Kennett, 1981) and the descendant species was used to mark the base of both the G. inflata Zone and the Late Pliocene in the North Atlantic (Poore & Berggren, 1975) . More recent work has shown that G. inflata first appeared in the North Atlantic at 2.1 Ma (Weaver & Clement, 1985 in press), and it ranges through to the Recent. Similarly, the evolution of G. tosaensis from G. crassaformis (Galloway & Wissler) is well documented in the Late Pliocene (Srinivasan & Kennett, 1981) .
According to Blow (1969) , G. praehirsuta ranges from the Early to Late Pliocene. N. pachyderma, on the other hand, ranges from the Late Miocene to Recent, but in the North Atlantic the Pliocene populations are dextral with a change to sinistral in the Early Pleistocene (Berggren, 1972) ; the St. Erth material is entirely dextrally coiled. N. humerosa ranges from the middle Miocene to Late Pliocene in the North Atlantic (Poore, 1978) .
P. primalis also ranges through from the Late Miocene but it became extinct in the Late Pliocene (Parker, 1967) ; a few authors have extended its range into the Pleistocene (Saito et al., 1981) but it is contended here that these records are misidentification of juveniles of P. obliquiloculata (Parker & Jones) .
It is also of some importance to note the absence of the following age-diagnostic species from the St. Erth fauna: Globorotalia puncticulata (Deshayes), G. truncatulinoides (D' Orbigny) and Neogloboquadrina atlantica (Berggren) (Fig. 2) . G. puncticulata ranges up to 2.3 Ma in the North Atlantic according to Weaver & Clement (1985 in press) (Fig. 2) . Poore (1978) records the evolutionary transition from G. tosaensis to G. truncatulinoidies at the Pliocene-Pleistocene boundary (Berggren et al., 1985) .
which took place at about 1.9 Ma. N. atlantica, in the northern North Atlantic, ranges from the late Miocene to the top of the Pliocene in the D.S.D.P. sites 407,408 and 116 but in the more southern D.S.D.P. site 410 (Poore, 1978) and in the Mediterranean it became extinct earlier in the lower part of the Late Pliocene (Fig. 3) . The latitudinal position of St. Erth has been plotted on to Fig. 3 and it can be seen that the absence of N . atlantica can be explained because of the diachronous nature of its extinction. Also, there is additional evidence by Weaver & Clement (1985 in press ) that N . atlantica became extinct at 2.3 Ma between latitudes 49" and 53" north in the northeastern Atlantic.
The marine clays at St. Erth have a rich and very diverse microfauna. Although there is evidence (Catt & Weir, in Mitchell et al., 1973) that the apparently unfossiliferous St. Erth sands which underly the clays were redeposited, it is unlikely that the clays themselves are reworked. Indeed, from the preservation and known distribution of the planktonic foraminifera it has to be assumed that they are all contemporaneous.
According to 33-34) . . . "some changes in conditions, perhaps a further rise in sea level, initiated the deposition of highly fossiliferous clay" and deposition took place . . . "in a relatively short time". From both the positive and negative evidence outlined above, it can be seen that this statement can now be verified and that the deposition took place within the Late Pliocene, between c. 2.1 and 1.9 Ma ago (Fig. 2 ). It will be interesting to see whether planktonic foraminifera can now be found in the Redonian deposits of N.W. France which Margarel (in Mitchell et al., 1973) correlated with St. Erth on benthic foraminiferal evidence. The Coralline Crag of East Anglia, which as recently as 1981 (Hughes &Jenkins, 1981) was also considered to be the approximate chronostratigraphical equivalent of the St. Erth Beds but has been dated as Early Pliocene by King (1983) . An analysis of the planktonic foraminifera of the Coralline Crag is being undertaken (Jenkins et al., in press ).
PLIO-PLEISTOCENE BOUNDARY
The placement of the Plio-Pleistocene boundary has some relevance to the age of the St. Erth Beds. For a number of years it was placed at 1.85 Ma, marked by the first evolutionary appearance of G. truncatulinoides in the Atlantic (Berggren et al., 1967) . More recently, the boundary has been variously put at ages ranging from c. 1.9 to 1.6 Ma. The most recent work of Berggren et al. (1985) prefers to place the boundary at 1.6 Ma, approximately coincident with the top of the Olduvai Event but 0.3 Ma after the first appearance of G. truncatulinoides. This is, for the most part, based on the work of Colalongo et al., 1981, on the Vrica Section in Southern Italy. Unfortunately, the boundary at Vrica is determined by the First Appearance Datum of the first of the so-called "cold" or "northern guests", the ostracod Cytheropteron testudo Sam, but Whatley (pers. comm. and written evidence to the INQUA Sub-commission on the Plio-Pleistocene Boundary) has now shown it to be neither the true C. testudo nor a "cold guest". We therefore prefer to retain the boundary (Fig. 2) at c. 1.9 Ma, approximately at the first appearance of G. truncatulinoides. Pomerol (1982) stated that the St. Erth Beds . . .
PALAEOGEOGRAPHY
"contribute nothing to the problem of the opening of the eastern end of the English Channel". In the light of our new evidence, do the planktonic foraminifera throw any light as to whether the Channel was open in the Late Pliocene?
Of the St. Erth species, only G. inflata and N. pachyderma were recorded by King (1983) from the Late Pliocene of the North Sea. This is an exceptionally low diversity when compared with similar aged deposits of the N.E. Atlantic and St. Erth (Table 1) . It points to a North Sea with a restricted circulation, blocked off to the south by a closed English Channel and joined northwards to the cooler waters of the N.E. Atlantic.
PALAEOECOLOGY
From a study of the St. Erth species of planktonic foraminifera which are still living today, Jenkins (1982) postulated that the palaeotemperature of the relatively shallow water at the time of the deposition of the clays was in the range of 10-18°C. The presence of G. falconensis suggested that it was towards the upper end of the temperature range and this is now supported by the presence of G. tosaensis and P. primalis, whose modern descendants, G. truncatulinoides and P. obliquiloculata respectively, occur in subtropical water. Cifelli & Glacon (1979) were of the opinion that the western margin of the North Atlantic Gyre was about lo" latitude further north in the Early Pliocene as compared with its present position, with its eastern margin . . . "diffuse, as it is today". The Late Pliocene St. Erth faunas continue to reflect this more northern position of the North Atlantic Gyre.
CONCLUSIONS
The relatively rare planktonic foraminifera of the highly fossiliferous marine clay at St. Erth give a Late Pliocene age determination. The temperature of the relatively shallow water must have been towards the upper part ;of the range 10-18°C.
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